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Abstract 
The article presents the results of the depth study of compressible thickness of the base in a full-scale experiment where a hard 
round stamp with a diameter of 800 mm served as a foundation model. Loading was made by steps of 0.05 MPa, the load is 
maintained until stabilization of the sediments. We studied the development of deformities and change of the lower limit of the 
compressible strata of a silty loess foundation folded in slightly wet  macroporous loams with increasing load, we fixed 
displacements of deep marks in the process of loading, a deformation of the base was analyzed. Also, the fields of soil density 
were built before deformation and the deformed base. During the study of bundle movement in the array loess grounds, we made 
conclusions about changes in precipitation, the lower boundary of a compressible base thickness and about changing of soil 
density. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Along with theoretical solutions and researches of the stress-strain state, a large number of experiments to study 
the movement of soil foundation under stamp loading were carried out. In the works at different times and at 
different technical levels the issues of determining the power of a compressible base strata, distribution in the base 
of the vertical and horizontal movements of the depth, relationship between load and sediment of foundations of 
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various shapes, square, aspect ratio, types and properties of the soil, depth of foundation laying, nature of the load 
application, etc. have been studied [1]  
The first experiments to determine the pressure in the soil were carried out back in 1879 by Kick under the 
guidance of professor Steiner. The experiments did not lead to the conclusion about the benefits and the validity of 
any method of calculation. The reason was the imperfection of experimental techniques, the absence of appropriate 
instruments of unsystematic experiments. In this regard, some experiments gave a completely opposite results. A 
few years after, the French mathematician Boussinesq solved the problem of the distribution of stresses 6 in the soil 
by the action of a concentrated force applied to the surface. The original experiments with indentation of stamps into 
the ground  to study the stresses and strains were held in Russia in 1889 by V.I. Kurdyumov and in the years 1912-
1915 by P.A. Minyaev. They allowed to check the analytical calculations of Boussinesq and confirmed their 
authenticity. [2-4] 
With the use of more advanced technology, development and production of new devices, new opportunities in the 
experiment were discovered.  
2. Full-scale experiment 
Full-scale experiments to determine the depth of the compressible strata were held by Novocherkassk school of 
soil mechanics together with the Kalmyk State University [5].  
The purpose of experimental research was to study the development of deformities and change the lower limit of 
the compressible strata of loess foundation with increasing load. The experienced landfill site was composed of silty 
loess  yellow-brown macroporous easily wet, having the following physical properties: natural moisture W - 0,188; 
density ȡ0 - 1,83 t / m3;  density of the soil skeleton ȡsk - 1.55 t / m3; porosity n - 40%; plasticity -number Ip 0.11; 
consistency - solid; internal friction angle - 23°; grip in natural moisture C - 0.44 kg / cm2. The soaked state - 22 ° C 
and - 0.1 kgf / cm2; total deformation modulus E - 140.0 kgf / cm2. [7,8] 
A model of the basement in the experiment was a hard round stamp with diameter of 800 mm with a relative 
penetration H: D = 0.5. The loading of the model  was made using the jack DG-100, which passed the load on the 
thrust farm. The farm was attached to the anchor precast reinforced concrete piles (Figure 1). The loading of the 
foundation model was made in steps of about 0.05 MPa. The load was maintained to conventional stabilization of 
sediment  (2-4 hours). Fibrewise deformations were measured using the deep marks, deflectometer and indicators. 
Measurements were carried out in five horizons in the depth of the array of the base in the alignment of the model 
sole of foundation at a depth of 0.5 D; 1.0 D; 1.5 D; 2.0 D from the level of the sole of the stamp. 
  
 
Fig. 1. scheme of full-scale experiments with a circular rigid stamp. 
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In each horizontal level of the foundation array the marks were installed at three points at a distance of 0.1 D; 
0,25D; 0,4D from the central axis of the model. At the bottom of the stamp, at the bottom of the pit, a careful layout 
with manual drill were made, the holes with diameter of 30 mm were drilled. To a certain depth in the well, in a 
bottom, a anchor in the form of a piece of aluminum bracket attached thereto a steel string was lowered.  At the 
bottom of the well a mortar was thrown and tamped with a tamper in the form of a round pole. Thus, the anchor with 
a string was held firmly in the bottom of the well after the hardening of the solution. To reduce a string friction and 
clamping it in the process of deformation of the base by well walls, as well as to fill the voids, the string was dressed 
in flexible aluminum hose. Then the voids were tamped by softened loam of natural soil moisture (Fig. 2).  The 
strings were neatly curled in the bays, and a sand preparation of 10 cm thick at the bottom of the pit was arranged. 
After tamping a contact surface of the pit was leveled with special templates. With the help of a winch  a metal 
stamp, contact surface of which was papered with emery cloth to roughen (similar to the concrete surface), was 
hanged above the pit.  The strings of marks were passed through the holes in the stamp and the stamp was neatly 
installed in a pit. Around the centrally mounted jack DG-100 with three farms two concentrically arranged rings 
were established which were a fixed base for 12 deflectometers. Basic rings were welded to three farms-struts which 
were fixed in the soil at a distance of more than 4.0 D of the stamp from the  pit edge.  
 
Fig. 2. scheme of deep mark installation. 
The results of studies of change of sediment of the base contact surface and fiber displacements of base array 
showed that the contact surface and a base layer with thickness of 0.5 D (40 cm) adjacent to the contact surface 
obtained almost identical sediment, equal to 82-113 mm. (Fig. 3) under a load of 0.3 MPa. A graph of sediment 
dependence on the pressure has almost the same shape for these two horizons.  
Further there is a noticeable growth of movements near the symmetry axis at a depth of 0.1 D (M-2) and almost 
at the edge of the stamp - A 0.4 (M-12) at a depth of 1.0 D. A mark, registering a movement in the middle of the 
range, has significant displacement but significantly less in the center and at the edges of the stamp. This can be said 
about the depth of 1.5 D. The largest displacements occur in the center and at the edge of the stamp at a depth of 
about 1.0 L of the stamp. Here, the greatest displacements are not significant, comparing to the overall sediment of 
the stamp observed at M-7, located in the center of the stamp radius, and the least (M-10) - at the edge of the stamp. 
Probably at a depth of 2.0 - 2.5 A, there is a slow damping of displacements and isolines of displacements  are 
interlocked on the axis of symmetry. 
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When determining the normative sediment [9] for studied foundation under the method of layering summation, 
the lower limit of the compressible strata is obtained at a depth of 2.8 m from the surface. [10] 
 
Fig. 3. movement of deep marks in the process of loading. 
 
Changing the density of the base soils was studied after finishing of experience and removal of the model. On the 
axis of the stamp and its edge perpendicular to the loading axis of the farm a vertical slice of soil to a depth of 2.0 
meters from the surface is made. As to the width, the slice spread on 3.0 D of the model, i.e., from the edge of the 
model on each side of the foundation on 800 mm more. The lateral surface of the slice was skived and monoliths 
were selected on the grid to determine the density of the soil by initialing method. [11] 
Research of changes in the density in the array of connected base under the model of the foundation with the help 
of selection of monoliths on the grid and determination of density by initialing method showed that there was a 
strong seal directly under the stamp happened up to 19.7 - 20.2 kN / m3 versus the initial density of 18.3 kN / m3 . At 
a depth of 0.8 m (1.0) there was a slight loosening of soil up to 18,1 y 17,8 kN / m3. This suggests that the elastic-
plastic deformation of the base sediments occur due to decompression, not a seal, i.e., dilatancy. [12]  
In the calculated example 1 on the results of studies of selected monoliths (at the place of experience and close to 
"not-destructed base") density fields of base soil were built.  
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 When the average pressures under the stamp sole reached roughly calculated resistance R = 310 kN / m2, the 
anchor piles began to lose their load-bearing capacity and the experience has been terminated.   
 
Fig. 4. Density fields. 
3. Conclusions 
Studying the layering movement in the array of loess base it can be clearly seen that: 
1.  Sediment of the array to the greatest extent is due to deformation of the soil layer with thickness of 1,0 y  1,5 
D, adjacent to the base of the foundation.  
2. The lower limit of the compressible strata under the method of layering summation increases with increasing 
load, i.e. up to a depth of |  2,5 D, and the most notable movement to occur in the strata  up to 1,0 y 1,5 D.  
3. Directly under the stamp there is a strong seal of foundation soil, and some loosening of the soil. 
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